Abstract: Sodium-glucose co-transporter 2 (SGLT-2) inhibitors are currently used as secondline therapy for treatment of patients with type 2 diabetes mellitus (T2DM). Based on the results from dedicated cardiovascular outcome trials (CVOTs), current guidelines suggest the use of SGLT-2 inhibitors for patients with T2DM and established atherosclerotic cardiovascular disease (ASCVD) or heart failure. The cardiovascular safety profile of dapagliflozin, a novel SGLT-2 inhibitor, has been recently explored in large CVOTs. Treatment with dapagliflozin reduced the risk of the composite outcome of cardiovascular mortality or hospitalization for heart failure compared with placebo, both among patients with T2DM who had or were at risk of ASCVD, as well as among patients with heart failure and a reduced ejection fraction. The observed cardiovascular benefit was mainly attributed to the lower rate of hospitalization for heart failure. Additionally, treatment with dapagliflozin was associated with a lower rate of renal adverse events. The safety and efficacy of dapagliflozin on glycemic and non-glycemic endpoints has been also well established in a series of other clinical trials and real-word studies. The aim of the present review is to summarize the available evidence regarding the cardiovascular profile of dapagliflozin in patients with T2DM. Overall, by reducing the rate of hospitalization for heart failure and ameliorating renal adverse events, dapagliflozin is a valuable option for the management of patients with T2DM and multiple cardiovascular risk factors.
Introduction
Type 2 diabetes mellitus (T2DM) is a global epidemic affecting more than 450 million adults and increasing healthcare expenditures. 1 It is well established that patients with T2DM have a higher risk of cardiovascular complications compared with the general population, 2, 3 while cardiovascular disease remains the leading cause of death. 4 Approval of multiple novel glucose-lowering agents has provided clinicians with a wide array of available treatment options. At the same time, while improved glycemic control has been associated with beneficial effects on microvascular outcomes, the effect on cardiovascular endpoints has not been conclusively established. [5] [6] [7] [8] Hence, multiple cardiovascular outcome trials (CVOTs) have been conducted to clarify the effect of novel antidiabetic agents on major cardiovascular endpoints. Accumulating evidence has shown that some agents are associated with a net reduction in the rate of cardiovascular events. 9, 10 Hence, it is now advocated that choice of antidiabetic treatment should not be based solely on the potential for improved glycemic control but also on the ability of antihyperglycemic agents to confer cardiovascular benefits.
Sodium-glucose co-transporter 2 (SGLT-2) inhibitors are a relatively new class of antidiabetic agents that improve glycemic control by blocking glucose reabsorption at the proximal tubule of the kidney thereby promoting urinary glucose excretion.
11 Table 1 summarizes the pharmacokinetic parameters of SGLT-2 inhibitors approved by regulatory authorities in the United States or Europe. 12, 13 Results from CVOTs have shown that treatment with empagliflozin and canagliflozin reduces the risk of major adverse cardiovascular events as well as the risk of the composite outcome of cardiovascular death or hospitalization for heart failure. 14, 15 The dedicated CVOT for dapagliflozin (Dapagliflozin Effect on Cardiovascular Events-Thrombolysis in Myocardial Infarction 58, DECLARE-TIMI 58) has demonstrated its cardiovascular safety and its favorable effect on reducing the risk of hospitalization for heart failure and the occurrence of renal adverse events in patients with T2DM and high cardiovascular risk. 16 Additionally, in a recently published long-term phase 3 trial treatment with dapagliflozin was associated with cardiovascular benefit in patients with heart failure irrespective of the presence of T2DM. 17 The antihyperglycemic efficacy of dapagliflozin has been also well established in a large number of studies, which demonstrated its beneficial effect on multiple additional outcomes, including body weight and blood pressure. 18 In light of emerging evidence, aim of the present review is to summarize the role of dapagliflozin in reducing the cardiovascular risk in patients with T2DM.
DECLARE-TIMI 58 Trial
DECLARE-TIMI 58 evaluated the effect of dapagliflozin on cardiovascular and renal outcomes in patients with type T2DM. In the largest CVOT in diabetes conducted to date, 17,160 T2DM patients with a creatine clearance of at least 60 mL/min were randomized in a double-blind manner to receive dapagliflozin or placebo. Among participants, 6974 (40.6%) had established atherosclerotic cardiovascular disease (ASCVD) while the rest (10,186 patients, 59.4%) had multiple risk factors for ASCVD. The primary outcomes included a composite outcome of major adverse cardiovascular events (MACE) defined as cardiovascular death, myocardial infarction or ischemic stroke, and a composite outcome of cardiovascular death or hospitalization for heart failure. Predefined secondary outcomes assessed included a renal composite outcome, defined as a sustained decrease of 40% or more in estimated glomerular filtration rate (eGFR) to less than 60 mL/min/1.73 m 2 , new end-stage renal disease or death from renal or cardiovascular causes, or death from any cause. 19 After a median follow-up of 4.2 years, dapagliflozin was noninferior to placebo with respect to the risk of MACE. The incidence of MACE was 8.8% in the dapagliflozin group (756 patients with a MACE event out of a total of 8582) and 9.4% in the placebo group (803 patients out of a total of 8578). The hazard ratio (HR) for MACE between treatment arms was 0.93 (95% confidence interval [CI] 0.84 to 1.03; P=0.17). Treatment with dapagliflozin was associated with a 17% reduction in the composite outcome of cardiovascular death or hospitalization for heart failure (HR 0.83, 95% CI 0.73 to 0.95; P=0.005), with 417 patients experiencing an event in the dapagliflozin group compared with 496 patients in the placebo group. This finding was driven by the lower incidence of hospitalizations for heart failure in the dapagliflozin group (2.5% in the dapagliflozin group versus 3.3% in the placebo group, HR 0.73; 95% CI 0.61 to 0.88), while no difference between the two treatment groups was evident in the risk of cardiovascular death (HR 0.98; 95% CI 0.82 to 1.17). 16 The favorable effect of dapagliflozin on the composite outcome was more prominent among patients with established ASCVD (7.8% in patients treated with dapagliflozin versus 9.3% among patients treated with placebo, HR 0.83; 95% CI 0.71 to 0.98) as opposed to patients with multiple risk factors (2.8% in the dapagliflozin arm versus 3.4% in the placebo arm, HR 0.84; 95% CI 0.67 to 1.04). Among the 17,160 patients enrolled in the DECLARE-TIMI 58 trial, 1987 (11.6%) had a history of heart failure, 3.9% with reduced ejection fraction (<45%) and 7.7% without known reduced ejection fraction. Treatment with dapagliflozin reduced the risk of cardiovascular death or hospitalization for heart failure both in patients with or without heart failure (HRs 0.79; 95% CI 0.63 to 0.99 and 0.84; 95% CI 0.72 to 0.99 respectively). Furthermore, a subgroup analysis based on the left ventricular ejection fraction at baseline showed that in patients with heart failure and reduced ejection fraction treatment with dapagliflozin resulted in reduction of the relative risk of the composite outcome of cardiovascular death or hospitalization for heart failure compared with placebo (HR 0.62; 95% CI 0.45 to 0.86). Analyses for the individual outcomes showed that dapagliflozin reduced both the risk of hospitalization for heart failure (HR 0.64; 95% CI 0.43 to 0.95) as well as the risk of cardiovascular death and allcause mortality (HR 0.55; 95% CI 0.34 to 0.90 and 0.59; 95% CI 0.40 to 0.88 respectively) in the aforementioned subgroup. 20 Ischemic stroke events occurred in 235 patients (2.7%) in the dapagliflozin group and in 231 patients (2.7%) in the placebo group. No difference was noted between the two treatment arms (HR 1.01; 95% CI 0.84 to 1.21). Fewer patients in the dapagliflozin group experienced a myocardial infarction (4.6% in the dapagliflozin arm versus 5.1% in the placebo arm), nevertheless the between group difference did not reach statistical significance (HR 0.80; 95% CI 0.77 to 1.01). In a subgroup analysis in patients with history of myocardial infarction (n = 3584 patients) treatment with dapagliflozin reduced the risk both for MACE (HR 0.84; 95% CI 0.72 to 0.99; P=0.039) as well as for the composite outcome of cardiovascular death or hospitalization for heart failure (HR 0.81; 95% CI 0.65 to 1.00; P=0.046), compared with placebo. 21 All-cause mortality was similar between patients treated with dapagliflozin or placebo (HR 0.93; 95% CI 0.82 to 1.04). Treatment with dapagliflozin was also associated with a clinically meaningful reduction in the rate of renal events. The cardiorenal secondary composite of ≥ 40% decrease in eGFR to < 60 mL/min/1.73 m 2 , new endstage renal disease or death from renal or cardiovascular cause occurred less often in patients treated with dapagliflozin (370 patients out of a total of 8582) than in the placebo group (480 patients out of a total of 8578) (HR 0.76; 95% CI 0.67 to 0.87). 22 ). These findings suggest that the renoprotective effects of dapagliflozin are probably independent of glucosuria, and support the drug's safety for treating patients with T2DM and mild renal impairment. The cardiorenal safety profile of dapagliflozin, its mechanism of action and its therapeutic role in patients with cardiovascular disease will be further elucidated by the results of several planned or ongoing clinical trials in patients with heart failure or chronic kidney disease, with or without T2DM (Table 2) .
Several meta-analyses have also investigated the effect of dapagliflozin in a wide array of outcomes. A meta-analysis of 21 Phase 2b and Phase 3 trials from the dapagliflozin clinical development program summarized the cardiovascular safety profile of dapagliflozin in patients with T2DM. 26 0.89) compared with the control group. Additionally, in a meta-analysis evaluating the effect of SGLT-2 inhibitors on the incidence of stroke based on data from 75,540 patients with T2DM, there was no difference among patients treated with dapagliflozin compared to placebo (Risk Ratio [RR] 0.99; 95% CI 0.9 to 1.09). 27 In another meta-analysis of 58 trials assessing the efficacy and safety of SGLT-2 inhibitors in 16,407 patients with T2DM, dapagliflozin decreased HbA 1c and body weight by 0.59% and 1.9 kg respectively compared with placebo, and was also associated with a reduction both of the systolic (-3.20 mmHg; 95% CI -4.20 to -2.21) and the diastolic blood pressure (-1.74 mmHg, 95% CI -2.35 to -1.13). 28 Finally, the favorable effect of dapagliflozin on the risk for hospitalization for heart failure or progression of renal disease is in line with the cardiorenal protection conferred by SGLT-2 inhibitors as a drug class. In a meta-analyis of three cardiovascular outcome trials in 34,322 patients with T2DM with or without established ASCVD, SGLT-2 inhibitors reduced the risk for a MACE-3 composite outcome (HR 0.89, 95% CI 0.83 to 0.96), cardiovascular death or hospitalization for heart failure (HR 0.77, 95% CI 0.71 to 0.84) as well as progression of renal disease (HR 0.55, 95% CI 0.48 to 0.64). 29 
Real-Word Data
Real-world evidence from large observational studies evaluating the effect of treatment with dapagliflozin on cardiovascular endpoints are in line with findings from randomised clinical trials. In an observational study assessing a real-world population similar to the one recruited in Abbreviations: CKD, chronic kidney disease; HF, heart failure; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; mo, months; NTproBNP, N-terminal pro b-type natriuretic peptide; T2DM, type 2 diabetes mellitus.
the DECLARE-TIMI 58 trial, initiation of dapagliflozin resulted in a 21% reduction in the composite outcome of hospitalization for heart failure or cardiovascular mortality (HR 0.79; 95% CI 0.69 to 0.92), and had a neutral effect on the risk of MACE (HR 0.90; 95% CI 0.79 to 1.03) compared with other glucose-lowering drugs. 30 Treatment with dapagliflozin also resulted in a lower risk of both individual components of hospitalization for heart failure and cardiovascular mortality (HRs 0.79; 95% CI 0.67 to 0.93 and 0.75; 95% CI 0.57 to 0.97 respectively). In accordance with the findings of DECLARE-TIMI 58, there was no difference in the risk of myocardial infarction or stroke compared to other glucose-lowering agents (HRs 0.91; 95% CI 0.74 to 1.11 and 1.06; 95% CI 0.87 to 1.30 respectively). Moreover, in the CVD-REAL Nordic multinational observational study, real-world data from national registries were analyzed to assess the cardiovascular morbidity and mortality among new users of SGLT-2 inhibitors or other antidiabetic agents. 31 In a population of 91,320 T2DM patients with a broad cardiovascular risk profile who were treated mainly with dapagliflozin (94% treated with dapagliflozin vs. 5% with empagliflozin and 1% with canagliflozin), new use of an SGLT-2 inhibitor significantly reduced the risk of cardiovascular mortality (HR 0.53; 95% CI 0.40 to 0.71), MACE (HR 0.78; 95% CI 0.69 to 0.87) or hospital events for heart failure (HR 0.70; 95% CI 0.61 to 0.81) compared with other glucoselowering agents.
Non-Cardiovascular Safety Assessment
In the DECLARE-TIMI 58 trial, treatment with dapagliflozin was well tolerated and resulted to a lower rate of major hypoglycemia or serious adverse events compared with placebo (0.68; 95% CI 0.49 to 0.95 and HR 0.91; 95% CI 0.87 to 0.96 respectively). Furthermore, there was no difference in the risk of amputations, fractures, urinary tract infections or volume depletion associated adverse events. 16 The safety profile of dapagliflozin was also corroborated in a pooled analysis of safety data from Phase IIb/III trials. Based on data from 13 placebo-controlled trials in 4655 patients with T2DM and treatment duration of up to 24 weeks, there was no difference between dapagliflozin and placebo in the incidence of overall adverse events, including hypoglycemia, urinary tract infections and volume depletion events. 32 Genital infections were the most common adverse events associated with treatment with dapagliflozin (5.5% of patients treated with dapagliflozin compared to 0.6% of patients treated with placebo), while caution may be also warranted for diabetic ketoacidosis. Finally, there was no difference in the incidence of fractures or lower limb amputations between dapagliflozin and placebo/control groups.
Role of Dapagliflozin in Clinical Practice
Dapagliflozin, a selective SGLT-2 inhibitor, is currently licensed for the treatment of adults with T2DM inadequately controlled with diet and exercise, either as addon therapy to other hypoglycemic agents or as monotherapy when metformin is contraindicated or not tolerated. Recently released guidelines for the management of T2DM suggest that clinicians should consider the presence or absence of cardiovascular disease, heart failure or chronic kidney disease when making decisions about optimal treatment. 34 Based on the results from CVOTs, the use of empagliflozin, canagliflozin or glucagon-like peptide 1 receptor agonists (GLP-1 RAs) with proven cardiovascular benefit is preferred in the presence of ASCVD or heart failure, while other agents, such as thiazolidinediones, should be avoided. Publication of the DECLARE-TIMI 58 results has led to an update of treatment guidelines. 35 Dapagliflozin was no different than placebo in the incidence of the composite outcome of cardiovascular death, myocardial infarction or ischemic stroke in patients with or without established ASCVD. Nevertheless it led to a 27% reduction in the hospitalization for heart failure that was consistent in patients both with or without history of heart failure, hence could be considered for primary or secondary prevention of heart failure. In fact, in patients with heart failure and reduced ejection fraction, dapagliflozin reduced the relative risk of hospitalization for heart failure by 36% and was also associated with a clinically meaningful reduction in the rate of cardiovascular death or all-cause mortality by 45% and by 41% respectively. 20 Based on these beneficial findings, dapagliflozin has recently been approved in the United States to reduce the risk of hospitalization for heart failure in patients with type 2 diabetes and cardiovascular risk factors.
Additionally, in line with the findings for empagliflozin and canagliflozin, treatment with dapagliflozin is also associated with clinically important renoprotective effects in patients with T2DM, leading to a 24% reduction in the risk of the primary composite renal outcome and to a 47% reduction in the risk of a secondary renal-specific composite outcome in the DECLARE-TIMI 58 trial, both in patients with established ASCVD as well as in patients with multiple cardiovascular risk factors. Reflecting these therapeutic advantages, the recently released guidelines issued in collaboration by the European Society of Cardiology and the European Association for the Study of Diabetes recommend the use of SGLT-2 inhibitors in patients with T2DM and high cardiovascular risk to reduce the risk of hospitalization for heart failure or progression of diabetic kidney disease. 37 Finally, contrary to respective ambiguous findings for canagliflozin, 15 treatment with dapagliflozin was safe regarding the risk of amputation and fracture events. Differences in the results among CVOTs of individual SGLT-2 inhibitors should be reviewed in the context of differences in the study design and patients recruited, which may affect the interpretation and translation to clinical practice. The EMPA-REG Outcome trial included solely patients with T2DM and established CV disease, while in the CANVAS program 66% of participants had a history of CV disease and the majority of patients in the DECLARE-TIMI trial had only risk factors for developing ASCVD (59.4%). Additionally, compared with the EMPA-REG and the CANVAS trial which recruited patients with baseline eGFR levels up to 30 mL/min/1.73 m 2 , patients recruited in the DECLARE-TIMI 58 trial had a creatinine clearance of at least 60 mL/min. These differences in the inclusion criteria and the baseline characteristics of patients included may partially explain the differences observed in the effect estimates between the EMPA-REG Outcome trial, the CANVAS program and the DECLARE-TIMI 58 trial.
Several molecular mechanisms have been suggested to explain the cardiovascular protective effect observed with SGLT2-inhibitors. Inhibition of reabsorption of glucose and sodium at the proximal tubule enhances glucosuria and natriuresis, hence reducing plasma volume, cardiac preload, afterload, blood pressure and arterial stiffness, and improves subendocardial blood flow. 38, 39 Additionally, natriuresis at the proximal tubule increases sodium concentration in the macula densa and activates the tubuloglomerular feedback, hence causing vasoconstriction of the afferent arteriole and vasodilation of the efferent arteriole by inhibition of renin release by juxtaglomerular cells. Although these changes are associated with a decline of eGFR following initiation of SGLT-2 inhibitors, the long-term reduction of the intraglomerular pressure lowers albuminuria and glomerular fibrosis, hence resulting in an amelioration of kidney function decline. 38, 39 Ongoing trials designed to explore the effect of dapagliflozin on the risk of heart failure and cardiovascular death in patients with heart failure (with or without diabetes) are expected to clarify the underlying mechanisms explaining the improvement of cardiovascular and renal outcomes with dapagliflozin.
Conclusions
The management of patients with T2DM may be complicated by the presence of ASCVD or chronic kidney disease. Guidelines for the management of type 2 diabetes suggest the use of SGLT-2 inhibitors or GLP-1 receptor agonists that can reduce the risk of cardiovascular events and delay the progression of renal disease as second line therapy after metformin. Data both from the dedicated cardiovascular outcomes trials and real world studies suggest that dapagliflozin is safe and reduces the rate of hospitalization for decompensated heart failure whilst also ameliorating renal adverse events. Dapagliflozin is a valuable addition to the therapeutic armamentarium for the management of patients with T2DM and multiple cardiovascular risk factors.
